Gastric cancer (GC) is one of the most common malignant tumors in the world and in China the incidence and mortality rates of gastric cancer are the second highest among all forms of cancer. Annexin A11 (ANXA11) is a member of the annexins family. Previous studies have shown that ANXA11 participates in many cellular functions and has significant influence on ovarian, breast, liver, and colorectal cancer. However, the expression and biological functions of ANXA11 in GC are still unknown.
Background
Gastric cancer is one of the most common malignant tumors in the world [1] and in China the incidence and mortality rates of gastric cancer are second highest among all cancers [23] . Despite recent developments in the treatment of GC, the prognosis of advanced gastric cancer patients is still unsatisfying, with a 5-year survival rate of about 20-30% and a median survival time of only 11 months [4, 5] . Therefore, it is essential for cancer research to find new prognostic markers and novel therapeutic targets for gastric cancer.
Annexins are a multigene family of calcium (Ca 2+ )-regulated phospholipid-binding proteins [6, 7] , which are associated with cancer progression, metastasis, apoptosis, cell division, Ca 2+ signaling, growth regulation, and membrane traffic and organization [8, 9] . ANXA11 is a member of the annexins family and contains a conserved C-terminal structural element with 4 homologous tetrad annexin repeats, in which the Ca 2+ -binding sites are located and a unique N-terminal domain is rich in glycine, proline, and tyrosine residues [10, 11] . Previous studies have shown that ANXA11 is related with cell division, differentiation, apoptosis, signal transduction, and vesicle trafficking [12, 13] . ANXA11 has significant influence on ovarian cancer, breast cancer, liver cancer, and colorectal cancer, and is associated with cancer recurrence, metastasis, drug resistance, and lymph node metastasis [14] [15] [16] [17] [18] [19] . However, the expression and biological functions of ANXA11 in GC are still unknown. This study aimed to investigate the role and potential mechanism of ANXA11 in gastric cancer.
Material and Methods

Tissue samples
We randomly collected 63 GC Tumor tissues and adjacent mucosa (at least 5 cm away from the edge of the tumor), frozen immediately for qRT-PCR in liquid nitrogen and stored at -80°C until use. For immunohistochemical analysis, samples were routinely processed into 4% formalin-fixed, paraffin-embedded blocks and archived.
qRT-PCR analysis
Total RNA was extracted with Trizol™ reagent (Life technologies, USA), and 2 μg of total RNA was converted to cDNA using the A5000 GoScript Reverse Transcription System (Promega, USA). PCR was conducted using the A6001 GoTaq (R) qRT-PCR Master Mix (Promega, USA). Realtime detection of the emission intensity of SYBR green bound to double-stranded DNA was performed with the ABI PRISM 7500 sequence detection system (Applied Biosystems). PCR primers were: ANXA11 F: 5'-ACGGCTTACGG CAAGGATT-3, R: 5'-ATCAGGCAG GCTTCATCAGT-3'. GAPDH F: 5'-AATCCCATCACCATCTTCCAG-3', R: 5'-CCTTCTCCATGGTGGTGAAGAC-3'. The relative mRNA expression levels of ANXA11 were analyzed using 2 -DDCT method.
Immunohistochemistry
Immunohistochemical staining was performed on formalin-fixed, paraffin-embedded sections using the labeled horseradish peroxidase (HRP) method. We sectioned 4-µm-thick slides from paraffin blocks mounted on poly-L-lysine-coated slides, deparaffinized and rehydrated in gradient alcohol series and distilled water. The slides were immersed in citrate buffer (0.01 M, pH 6.0) antigen retrieval buffer and boiled for 3 min, followed by slow cooling to room temperature. Endogenous peroxidase activities were quenched in 3% H 2 O 2 for 20 min, followed by washing with PBS. Normal goat serum (5%) was used to block the heterogenetic antigens for 40 min and then they were incubated with monoclonal antibody against ANXA11 (1: 400, Santa Cruz Biotechnology, USA) at 4°C overnight. Negative controls were incubated with PBS only. The sections were then thoroughly washed with PBS 3 times, and incubated with goat anti-rat polyclonal antibody (Zhongshan Golden Bridge Inc; 1: 100 dilution) at 37°C for 30 min, followed by washing 3 times with PBS. Then, the horseradish peroxidase (HRP)-conjugated streptavidin working solution was added and incubated at 37°C for 30 min. Next, the samples were washed with PBS, and DAB substrate-chromogen solution (Zhongshan Golden Bridge Inc.; 1: 100 dilution) was applied to the sample for a color reaction.
Cell lines and cell culture
Human gastric cell lines SGC-7901, BGC-823, MGC-803, AGS, and GES1 were obtained from the Committee of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China) and cultured in RPMI-1640 (Gibco, USA) medium supplemented with 10% fetal bovine serum (BI, USA) in a humidified incubator (Thermal, USA) at 37.0°C with 5% CO 2 .
RNA interference
Small interfering RNA oligonucleotides targeting ANXA11 and a negative control were designed and purchased from RiboBIO Company. Transfection of ANXA11-specific siRNA and the negative control was performed with Lipofectamine™ 2000 (Invitrogen, USA). According to the manufacturer's protocol, 24 h before transfection, 5×10
5 AGS and SGC-7901 cells per well were seeded into a 6-well plate with 2 mL of RPMI-1640 cultured in a humidified environment. After 24 h and when the cells were 70% confluent, transfection was performed. siR-NA specifically targeting ANXA11 and a negative control were transfected into AGS and SGC-7901 cells. At 24 h or 48 h after transfection, cells were harvested for subsequent experiments.
Western blot analysis (WB)
Proteins were extracted using RIPA lysis buffer (Solarbio, Beijing, China) supplemented with 1× protease inhibitor cocktail (Roche, Mannheim, Germany). The supernatants were collected by centrifugation at 12000 rpm for 15 min at 4°C. Protein concentrations were determined by bicinchoninic acid (BCA) protein assay (Thermal, USA). Then, equal amounts of protein samples were boiled for 10 min in loading buffer (Solarbio, Beijing, China), separated by 10-12% SDS-PAGE and transferred onto PVDF membranes (Millipore, MA). After blocking in 5% skim milk (in TBS) for 1 h at room temperature, the PVDF membrane was incubated overnight with primary antibodies at 4°C. The secondary antibody was incubated at room temperature for 1 h. Protein bands were detected using the Odyssey system (LI-COR Biosciences, USA).
Cell proliferation assay
We used Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) assay to examine the proliferation of GC cells, according to the manufacturer's instructions. Briefly, about 2×10 3 AGS and SGC-7901 cells per well were plated in triplicate in 96-well plates and treated with ANXA11-siRNA, negative control (NC), and without treatment (CON). At each of the desired time points (4, 48, 72 , and 96 h after transfection), CCK-8 solution was added (10 UL/well) to the cells and incubated for 2 h at 37°C, followed by measurement of absorbance at 450 nm with a microplate reader (Thermal, USA) for quantifying relative cell density.
Cell cycle analysis
Cells transfected with ANXA11-siRNA, negative control, and without treatment for 48 h were harvested and fixed with 70% pre-cooled ethanol at 4°C overnight. Afterwards, the cells were washed with PBS and stained with propidium iodide (PI) probe solution (BD Biosciences, San Jose, CA) for 30 min in the dark. DNA contents were assessed by flow cytometric analysis using a BD FACS Calibur device (Becton-Dickinson, San Diego, USA).
Cell colony formation assay
Cells were collected at 24 h after transfection, counted, and plated at 2×10 3 viable cells per well into 6-well plates. Seven days after plating, cells were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet, and colonies were counted under a light microscope. The experiment was performed in 3 replicates.
Wound-healing experiments
Cells ( 5×10 5 ) were seeded in 24-well plates. After transfection, when the cell confluence reached ³80%, scratch-wounds were made by scraping the cell layer across each culture plate using a 0.2-ml micropipette tip. To ensure recording the same region, marks were made on the wells across the wounded area. The medium was substituted with serum-free medium and contain 1 mM mitomycin to inhibit cell division. Phasecontrast images were recorded (0, 12, 24, and 48 h after scratching) under an inverted microscope. All experiments were performed in triplicate.
Transwell invasion assay
Transwell invasion assay was performed using 24-well Transwell plates (Corning Costar, Cambridge, MA, USA) invasion assays. The bottom of Transwell plates were coated with a thin layer of Matrigel Basement Membrane Matrix (BD Biosciences, Bedford, MA), 1×10
5 AGS and SGC-7901 cells were loaded into the upper membrane chamber (24-well insert; 8-mm pore size) with serum-free medium, and 600 ul medium with 10% FBS was added to the lower chamber as a chemo-attractant. After 20-h incubation, cells on the upper surface of the membrane were removed using a cotton swab, and cells which penetrated to the lower surface of the membrane were stained with crystal violet. The numbers of cells penetrating through the membrane was counted under an inverted microscope from 5 randomly selected fields. Dates were obtained from 3 independent experiments.
Statistical analysis
All the experimental data are expressed as the mean ±SD of at least 3 independent experiments. All statistical analyses were performed with SPSS (version 21.0) software (IBM, Armonk, NY, USA). One-way analysis of variance and t tests were performed for comparisons. Chi-square analyses was used to analyze categorical variables. Values with P<0.05 were considered statistically significant, and all statistical tests were 2-sided.
Results
ANXA11 was up-regulated in GC tissues and cell lines.
To evaluate the expression of ANXA11 in gastric cancer tissues, qRT-PCR, WB, and immunohistochemistry were used to detect the expression levels in 63 pairs of tumor tissues and their matched adjacent mucosa. Compared with the adjacent mucosa, ANXA11 was up-regulated in 76.19% (48/63) of the tumor samples. The expression of ANXA11 in gastric cancer tissues was significantly higher than in the matched adjacent mucosa ( Figure 1A-1C) . Additionally, qRT-PCR and Western blotting assay were performed to measure the relative expression of ANXA11 in GES1, SGC-7901, BGC-823, MGC-803, and AGS cell lines. The relative expression levels of ANXA11 in SGC-7901 and AGS were higher than in GES1, while BGC-823 and MGC-803 cell lines were reduced. Thus, AGS and SGC-7901 were selected as the target cell lines for further study ( Figure 1D, 1E) .
Correlation between ANXA11 expression and clinical pathological variables of 63 GC cases
We confirmed that ANXA11 exhibited higher expression in gastric cancer tissues compared with matched adjacent mucosa using qRT-PCR, WB, and immunohistochemistry. We assessed 
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the relationship between ANXA11 and clinical pathological parameters and found that increased expression of ANXA11 was significantly associated with tumor size, tumor infiltration, local lymph node metastasis, TNM staging, and vascular invasion (Table 1) .
ANXA11 is down-regulated in ANXA11-siRNA cell lines
qRT-PCR and WB assays revealed that ANXA11 was stably downregulated in AGS and SGC-7901 cell lines by ANXA11-siRNA1 and ANXA11-siRNA2, and NC-siRNA interfering showed no effect on the ANXA11 expression at mRNA and protein levels (Figure 2A, 2C, 2D) . Through WB and qRT-PCR analysis, we also found a dose-dependent silencing effect of ANXA11 expression in the ANXA11-siRNA1-treated SGC-7901 cell line at concentrations ranging from 20 to 100 nM ( Figure 2B ).
ANXA11 downregulation inhibits cell proliferation and colony formation
To investigate the biological effects of ANXA11, we transfected AGS and SGC-7901 cell lines with ANXA11-siRNA, assessed by CCK-8 kit and colony formation assay. The transfection of ANXA11 siRNA significantly inhibited the proliferation and colony formation capacity of AGS and SGC-7901 cell lines compared with the negative control. These findings indicate that ANXA11 has an important role in cell proliferation in gastric cancer ( Figure 3A, 3B) .
ANXA11 downregulation causes cell cycle arrest
Cell cycle distribution in AGS and SGC-7901 cells was assessed by flow cytometric analysis. The results showed that downregulation of ANXA11 in AGS and SGC-7901 cell lines led to 
ANXA11 downregulation inhibits cell migration and invasion
The wound-healing experiment and invasion assay were used to observe the effect of down-regulated ANXA11 in AGS and SGC-7901 cell lines. As shown in Figure 5B , down-regulation of ANXA11 significantly inhibits the invasion activity of AGS and SGC-7901 cell lines. We also investigated the influence of the migration effect using a wound-healing experiment, showing that ANXA11 downregulation inhibits AGS and SGC-7901 cell lines migration ( Figure 5A ). To analyze the potential mechanism underlying blockage of ANXA11-specifc siRNA-mediated invasion and migration, MMP2 and MMP9 protein expression was examined. As shown in Figure 5C , MMP2 and MMP9 protein levels were reduced in AGS and SGC-7901 cell lines with downregulation of ANXA11. , GSK-3b, phosphor-GSK-3bSer 9 , CyclinD1, and PCNA, were examined by WB. The results show that the protein expression levels of these markers were significantly decreased at 48 h after transfection with ANXA11-siRNA in AGS and SGC-7901 cell lines in comparison with the NC cell line ( Figure 6A, 6B) .
Discussion
Due to lack of effective treatment methods and screening tools, the mortality of GC has not obviously declined in the past decade. Many gastric cancer patients present at advanced stage due to absence of specific symptoms. Patients diagnosed at early stage have overall survival rates of over 80%, and those diagnosed at advanced stage have only 24% survival [20] . Therefore, it is urgent for cancer research to find new prognostic markers and novel therapeutic targets for gastric cancer.
The annexins are a multigene family of proteins that bind Ca 2+ and phospholipids. Functions of the annexins include cancer progression, metastasis, apoptosis, cell division, Ca 2+ signaling, growth regulation, and membrane traffic and organization [8, 9] . Some of the annexins have been well characterized and show a cell-and tissue-specific pattern of expression. The correlations of this pattern are intriguing and changes in the expression levels of certain annexins may influence some patterns of cellular behavior, such as migration, invasion, proliferation, and apoptosis [6, 7, 9] . As such, annexins may yet prove to have therapeutic and prognostic potential in malignant disease.
ANXA11 is a member of the annexins family, and increased expression of ANXA11 has been reported in several malignancies and implicated in influencing a number of cellular processes, including cancer recurrence, metastasis, drug resistance, lymph node metastasis, and poor survival, in many cancers [14] [15] [16] [17] [18] [19] . But so far, there is no report on the role of ANXA11 in gastric cancer. In our study, fist we assessed ANXA11 expression in GC tumor tissues and their adjacent mucosa by using qRT-PCR, WB, and immunohistochemistry in gastric cancer patients, and then we analyzed the high expression of ANXA11 and the biological characteristics of gastric cancer. We also investigated the effect of ANXA11 on cell proliferation, migration, and invasion by in vitro experiments with gastric cancer cell lines.
In gastric cancer patient tissues, ANXA11 expression was widely increased in cancer tissues compared with adjacent mucosa. The clinicopathological analysis found that increased expression of ANXA11 was significantly associated with tumor size, tumor infiltration, local lymph node metastasis, TNM staging, and vascular invasion. These results suggest that ANXA11 might be involved in gastric cancer progression and could serve as a potential independent prognostic factor.
To further elucidate the tumor oncogene role of ANXA11 in GC, we investigated the effect of ANXA11 on the viability of GC cell lines in vitro. Recent evidence has shown that downregulation of ANXA11 in ovarian cancer and liver cancer cell lines inhibits cell proliferation and induces apoptosis in vitro and in vivo [15, 16, 19] . In our study, the results agree with previous research. Downregulation of ANXA11 resulted in a slower rate of cell growth, colony formation, and induction of cell cycle at the G0/G1 phase in AGS and SGC-7901 cell lines. PCNA is a critical eukaryotic replication accessory factor [21] , and downregulation of PCNA expression suggests cellular proliferation is markedly inhibited. These results further confirm that ANXA11 plays an important role in cell proliferation in gastric cancer cell lines.
Invasion and migration are the main characteristics of tumor cells, which can acquire the ability to degrade the basement membranes and extracellular matrix and invade blood vessels [22] . The Transwell invasion assay and wound-healing experiments performed in the present study show that ANXA11 knockdown can suppress the invasion and migration ability of human gastric cancer cells. MMP-9 and MMP-2, 2 members of the matrix metalloproteinases (MMP) family, are required for tumor invasion and metastasis [23, 24] . We found that ANXA11 knockdown decreased the MMP-9 and MMP-2 expression in AGS and SGC-7901 cell lines, indicating that the inhibition of gastric cancer cell invasion and migration by ANXA11 may be partly mediated by the downregulation of MMP-2 and MMP-9 expression.
Glycogen synthase kinase-3b (GSK-3b) was initially identified as an enzyme that regulates glycogen synthesis in response to insulin [25] . But later research found that GSK-3b is a ubiquitously expressed serine/threonine protein kinase and a critical downstream element of the PI3Kinase/AKT cell survival pathway [26, 27] , which has been proposed to affect cell differentiation, proliferation, migration, invasion, and apoptosis [28] [29] [30] . In the present study, we found that expression of AKT1, phosphor-Akt1/2/3 Thr 308/309/305
, phosphor-GSK-3bSer 9 , and CyclinD1 were decreased when cells were treated with ANXA11-siRNA. These findings suggest that ANXA11 acts as an oncogene in gastric cancer and exerts its role at least partly via the AKT/GSK-3b pathway.
The limitations of this study include its small sample size, lack of long-term survival observations, and lack of assessment of effects of overexpression of ANXA11 in gastric cancer cell lines. Therefore, further studies were needed.
Conclusions
In conclusion, this study has shown that ANXA11 expression was widely increased in cancer tissues compared with adjacent mucosa. The clinicopathological analysis found that increased expression of ANXA11 was associated with tumor size, tumor infiltration, local lymph node metastasis, TNM staging, and vascular invasion significantly. Moreover, ANXA11 plays a critical role in regulating GC cell line proliferation, migration, and invasion by the AKT/GSK-3b pathway, and is a potential prognostic factor and therapeutic target for gastric cancer patients.
